Abstract. Rapid development of advanced technology in Malaysia gave impact increasing in the accumulation of heavy metal every day in our daily life through wastewater. Long term exposure of human bodies to heavy metals susceptible to receives various infections and diseases. From an environmental and economic perspective, adsorption is acceptable process that can be applied in wastewater treatment. However, usage of activated carbon most acknowledged and costly adsorbents lead people to find an alternative to activated carbon. Several studies of physical properties of geopolymer make them gain attention to replace an activated carbon in the treatment of heavy metal. This paper review adsorption of heavy metal by using geopolymer.
Introduction
Nowadays, management of waste and quality of water is two of the important proposition in human life. Accretion of technologies in urbanization and industrialization lead to increase in percentage accumulation of waste all around the world and release of heavy metal in the water streams. These harmful heavy metals are an output from varieties activities such as industrial, waste disposal, agricultural and others. Accumulation of heavy metal in wastewater streams acts against human bodies and cause to death. Technologies used in the treatment of wastewater include chemical precipitation, ion-exchange, adsorption, membrane filtration, coagulation-flocculation, flotation and electrochemical [1] [2] [3] . Adsorption is one of a common treatment applied in the heavy metal removal involves adsorbents such as undoubtedly activated carbon. However, production and regeneration of activated carbon are very costly and tend to encourage people to find another alternative [4, 5] . Recently, studies of low cost adsorbent are intensively gain an attention to the scientist were usually waste product from industrial, agricultural and food production which produced abundantly [6] .
Currently, geopolymer gain new interest to treat wastewater and replacing the conventional adsorbent use which normally used in the production of cement. First identification of geopolymeric materials as an alternative to conventional Portland cement and concrete composites in 1979 [7] . Geopolymer can be viewed as an economic zeolite which produced by reacting solid aluminosilicate with highly alkali hydroxide [8] . A unique structure of geopolymer which good in mechanical, chemical and thermal making them as alternatives for a variety of application [9] . The purpose of this review is to evaluate the potential of geopolymer used to remove dangerous heavy metal in wastewater treatment in the recent studies.
Current technologies available for treatment methods of heavy metal
There a diverse of technologies in the treatment of wastewater in term of metal removal that are divided into physical, chemical and biological process such as metal precipitation, ultra filtration, biological systems, oxidation, solvent extraction electrolytic processes, ion exchange, membrane filtration and adsorption. Physical and chemical treatment is more costly compared to biological treatment in removing metal however biological treat are lack effectiveness and timely process. Advantages and disadvantages of physical and chemical current treatment were simplified as in Table 1 . 
Adsorption
Adsorption process gained is a promising method for a long term treatment and economically proven. In the process, heavy metals can be removing and minimizing the heavy metals even at a low concentration enhances the application of adsorption as one practical treatment [11] . Moreover, adsorption process tender to produce high quality treated effluent and offers flexibility in design and operation. Adsorbents used can be regenerate by suitable desorption process because of its sometime reversible characteristic [1] .
Parameters that should considered in this treatment include the characteristic of physical and chemical of the adsorbents and adsorbate, temperature, contact time, pH and the concentration of adsprbate in liquid. There is no specific mechanism in the adsorption process but sorption isotherms are used to explain to describe the mechanism occurred on how adsorbate ions interact on the surface of the adsorbent. Table 2 showed adsorption model that are usually used to prove the reaction between adsorbate and adsorbent. Table 2 . Adsorption models of the single-component system [10, 11] .
Types of mechanism
Equations Nomenclature 
Heavy Metal
Heavy metal poses impact to serious environmental problem due to their characteristic that accumulates in living organism, causing various disease and disorder which in the Table 3 [12]. Heavy metal that can be found in the landfill leachate such as iron, aluminium, arsenic, cadmium, copper, iron, manganese, mercury, nickel, silver and zinc. Heavy metal are not easy to break down and easy to enrich in different ambient mediums. It has been proven that heavy metal of leachate may lead to secondary pollution [13] . 
Geopolymer
Geopolymer or alkali-activated aluminosilicate is a diverse group of ceramic-like materials produced by geosynthetic reaction of aluminosilicate minerals in the presence of an alkali solution at low temperature (less than 100 degree celcius) [14] [15] [16] . It consists of a polymeric silicon-oxygen-aluminium framework with alternating silicon and aluminium tetrahedral joined together in three directions by sharing all the oxygen atoms [17] . Fly ash, dolomite, expanded clay, natural zeolite, kaolinite and many are example of geopolymers. Geopolymers had interesting properties that are encouraged to investigated and developed. The major nature of geopolymers are tendency to drastically decrease the mobility of most heavy metals ions contained within the geopolymeric structure, quick compressive development of strength, resistance to acid and fire, fat setting, low permeability and good resistance to freeze-thaw cycles [18] [19] [20] . Theoretically, any alkali can be used in geopolymerization reactions; however most of the studies have focused on the effect of sodium (Na+) and potassium (K+) ions. Both NaOH and KOH could be used in the activation process, but the extent of dissolution was higher when NaOH is used; this is due to the smaller size of Na+ which can be better stabilize the silicate monomers and dimmers present in the solution, enhancing the minerals dissolution rate [8] . Rios conclude that geopolymer treated with NaOH is better than treated geopolymer by KOH [21] .
Fly ash. Fly ash is a familiar materials used as geopolymerized adsorbents. It is a complex and abundant anthropogenic material which by product of coal combustion in thermal power plants [22] . Fly ash is a waste substance that are easily to found and had been reported that could be effective for removal of heavy metals. However, it is shows lower adsorption capacity unless it is treated or activated called as geopolymer. Fly ash based geopolymer are growing in commercial potential due to their reliance on cheap and readily available waste fly ash as the main feedstock. There is a significant trend in recycling of waste materials and converting it to usable and valuable materials [23] . One of these materials is coal fly ash. The disposal of the large amount of fly ash has become a serious environmental and economic problem [8] . One approach to deal with fly ash is converting to geopolymer which not only effective to heavy metal removal but also help to reduce the waste accumulation.
Dolomite. Dolomite has been a subject of interest for over six decades. Dolomite material is available very cheaply and in abundance around the world (important occurrences are found in India, Indonesia, Turkey and China). Dolomite which has similar properties to limestone is sometimes known as magnesium-limestone in industry. Its crystal structure consists of alternative layers of magnesium and calcium carbonate [24] . Therefore, dolomite had a characteristic to remove heavy metals as effective as limestone.
Factor affecting adsorption of heavy metal by geopolymeric adsorbents
Some factors are influence in the process of adsorption of heavy metal into adsorbents such as pH, adsorbent dosage, initial concentration, contact time and temperature [25] . Removal efficiency of heavy metals can be described as following equation [19] :
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Where Co (mg/L) is the initial concentration and Ct (mg/L) is the concentration at time t (min).
Adsorption amount at time t, qt (mg/g) and at equilibrium, qe (mg/g) are determined using following equations :
Effect of pH: The surface charge of the solution, degree of ionization, and the adsorbate species influenced by the pH of the solution. Most of the metal adsorbed increase with the increasing of pH of the solution until certain point and followed by reduction if further increasing of pH. The equation of pH can be written as :
where, [A-] and [AH] represent the concentration of deprotonated and protonated surface groups and the equilibrium constants pKa resembled the carbonyl groups. Study by al-Zboon show that adsorption efficiency increase from 1% to 90.66% as pH of the solution increase from 1 to 5 and slightly decrease at pH 6 [18] . Therefore, pH 5 is indicated as zero point charge.
Effect of adsorbent dosage: Dose of adsorbent also is one of the main points to determine the capacity uptake of heavy metals by adsorbents. Usually, increase in the dose of adsorbents will increase in the adsorbed capacity until its reach a limit. If further increase the dose, the adsorption capacity will be constant. Wang study adsorbent loading from 0.5 g until 2.0 g, removal of copper increase with increase of adsorbent loading [5] .
Effect of initial concentration: Adsorption dosage gain a strong effect by initial concentration of heavy metals. Generally, adsorption capacity increased with the increased initial concentration of heavy metals. Playing as important driving force, initial concentration influence in overcome all mass transfer resistance between solid and aqueous phases. Several studies have shown that removal efficiency of heavy metal is concentration dependent and there exist decreasing trend if further increase initial concentration [26] .
Effect of contact time: The interaction of functional group between the solution and the surface of adsorbent result in the adsorption capacity if adsorbate into adsorbent. Specific time needed to maintain equilibrium interaction therefore the adsorption process undergo completion. Cadmium removal using zeolite based geopolymer achieve equilibrium contact time at 7 hours [3] . However, fly ash-based geopolymer for lead removal gain equilibrium contact time at 120 min and thereafter, its remain constant [18] .
Effect of temperature: The natures of the processes either exothermic or endothermic are depends on the adsorption equilibrium that affected by the temperature used. The uptake capacity of the adsorbates increases with the rises of the temperatures. This happens due to the enlargement of pores and activation of the sorbent surface. Research by Javadian shows removal of cadmium was increase with temperature range from 25ºC to 45ºC [3] .
Summary
The role of geopolymers in the wastewater treatment has been investigated a few years ago. Among other geopolymeric adsorbents, fly ash is the most interested in the removal of heavy metal because of they are reliance on cheap and readily available waste. Adsorption capacity of heavy metals adsorbed usually modeled by Langmuir and Freundlich isotherm. Factors that influence of adsorption capacity are pH, adsorbent dosage, initial concentration, contact time and temperature. Normally, increase of dosage, contact time and initial concentration will increase the uptake capacity to a certain point before constant. However, some materials and adsorption may be different. From reviews, it can be conclude that usage of geopolymeric adsorbent as alternative to costly activated carbon are effective to remove heavy metal from wastewater. Most of research focused on the industrial wastewater instead of improvement in the leachate treatment. Moreover, there has been limited research of mixture of geopolymeric adsorbents.
